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Introduction
Insulin resistance and T2DM are characterized by the de-

velopment of dyslipidemia - the main factor of CVD. Before the 
development of diabetes, IR can manifest itself as dyslipidemia 
[1]. The recent studies have demonstrated that changes in lipids 
can not only be the consequence of impaired glucose metabolism 
but can also be its cause. The increased amount of free fatty acids 
damages insulin receptors and disrupts the normal functioning 
of β-cells [2]. Around 50% to 84% of people with diabetes have 
hypercholesterolemia [3]. One of the few studies conducted by 
Polupanov et al. in Kyrgyzstan shows that the overall incidence 
of hyperlipidemia in the sample was 88.4% without significant 
gender differences (86.8% in men and 89.6% in women [4]. Even 
though several studies examined the prevalence of diabetes and 
hypercholesterolemia, none of them analyzed the effect of high 
cholesterol on the risk of diabetes. Therefore, for the first time 
we decided to study this issue covering all regions of the country. 
The goals of our study were to determine the true prevalence of 
hypercholesterolemia and carbohydrate metabolism disorders 
in Kyrgyzstan, to assess the effect of high cholesterol on the de-
velopment of diabetes, and to summarize the data obtained from 
other studies.

Materials and Methods
The STEPS survey was conducted in Kyrgyzstan in the period 

from October 2013 to November 2013. The selection of the pop-
ulation for the study was carried out by random sampling from 
all regions of the Republic in relation to the general population. A 
total of 2585 people were examined including 926 (35.8%) men, 
1659 (64.1%) women, aged 25 to 65 years, the average age was 
43.8±0.22 years (the average age of men - 44.0±0.36; women - 
43.8±0.27, p>0.05). All people signed an informed consent. The 
survey was based on the WHO STEPS questionnaire, which ex 

 
amined the following indicators: education, work data, smoking, 
alcohol consumption, physical activity levels, and eating habits 
[5]. The next step consisted of a physical assessment that includ-
ed the measurement of blood pressure (BP), heart rate (HR), 
height, weight, waist (WC) and hips (HC). Analysis of glucose 
was performed using CardioChek meter (Germany) in capillary 
blood. Parameters, such as fasting plasma glucose (FPG) and to-
tal cholesterol, were investigated. The measurement of glucose 
was carried out according to WHO criteria [6]. Total cholesterol 
was estimated according to the American Heart Association cri-
teria -2013. Espino version 2007 and SPSS 11.0 versions were 
used for statistical processing. The processing determined mean 
values (M), standard deviation (δ), representativeness error (m), 
intensive and extensive values, and 95% confidence interval (CI). 
To compare the dependence of numerical series the study used 
Spearman’s correlation coefficient (rx,y) and determination co-
efficient (R,%). The main indicator of the influence of one factor 
to another was the method of relative risk assessment (relative 
risk, HR) and factor analysis. The differences with p<0.05 were 
considered significant.

Results and Discussion
The STEPS survey measured only fasting glycemia in plas-

ma from capillary blood to assess carbohydrate metabolism dis-
orders. The mean level of FPG in the examined population was 
4.9±0.03mmol/l (4.8±0.05 in men, 4.9±0.04mmol/l in women, 
p>0.05). Because analysis was performed once and only on an 
empty stomach with the use of a glucometer, the diagnosis of 
“diabetes” was unlawful, so the following criteria for assessing 
glycemia were used: hyperglycemia is more or equal to 7mmol/l 
and hyperglycemia is more or equal to 6.1mmol/l, but less than 
7mmol/l. Hyperglycemia ≥ 7mmol/l was registered in 5.4% of 
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cases, hyperglycemia ≥ 6.1mmol/l, but < 7mmol/l - in 5.8%. The 
analysis determined the effect of increased total cholesterol on 
the risk of hyperglycemia. The level of mean total cholesterol in 
the population of the examined patients was 4.4±0.01mmol/l. 
Both men and women had the same-4.4±0.03 and 4.4±0.02 
mmol/l, respectively (p>0.05). At the same time, 25.1±0.85%, i.e. 

a quarter of all examined patients had the level of total choles-
terol more than 5mmol/l, or hypercholesterolemia (23.3±1.3% 
of men,26, 1±1.0% of women>0.05). The frequency of hypergly-
cemia ≥7mmol/l and hyperglycemia from 6.1 to 7.0 mmol/l with 
high confidence were higher among people with high total cho-
lesterol (Table 1). 

Table 1: Frequency of hyperglycemia depending on the presence of hypercholesterolemia

No Blood Glucose, mmol/l
Normal Total Cholesterol Hyper Cholesterolemia

RR 95% CI р
Р±m,% Р±m,%

Men (n=926)

1 Hyperglycemia ≥7,0 3,8±0,6 9,2±1,75 1,3 1,0-1,7 <0,001

2 Hyperglycemia ≥6,1, <7,0 4,2±0,65 8,3±1,65 1,2 0,9-1,2 <0,01

Women (n=1659)

1 Hyperglycemia ≥7,0 5,0±0,55 7,1±1,0 1,1 0,9-1,2 <0,01

2 Hyperglycemia ≥6,1, <7,0 5,1±0,55 9,2±1,2 1,2 1,0-1,4 <0,001

Total (n=2585)

1 Hyperglycemia ≥7,0 4,6±0,47 7,8±1,0 1,1 1,0-1,3 <0,01

2 Hyperglycemia ≥6,1, <7,0 4,8±0,48 8,9±1,1 1,2 1,0-1,3 <0,001

Note: R±m- The frequency and margin of error, RR- Relative risk, CI-95% confidence interval, P-confidence of differences between groups.

The correlation between TC and FPG was+0.18 (p<0.001), 
weakly positive. The degree of influence (coefficient of determi-
nation) was equal to 3.2%. The increase in TC to a small extent 
influenced FPG. Thus, the increase in cholesterol was a signif-
icant factor affecting the level of glycemia, and therefore, the 
presence of hyperglycemia in combination with hypercholes-
terolemia currently requires timely treatment and multi-factor 
approach in order to prevent these conditions.

Conclusion
Undiagnosed disorders of carbohydrate metabolism in com-

bination with increased cholesterol levels are widespread among 
the population of Kyrgyzstan. The increased level of cholesterol 
has direct impact on the frequency of carbohydrate metabolism 
abnormalities. High cholesterol increases the risk of hyperglyce-
mia 1.1-1.3 times.
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